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u ph^3I^tt'S)0s fr^&mcowtftmco 
i&g^o . 01- 3n&%T'$>$>&mmmmM. 

^•tfii*^ i izMmcD&mmwmm. 
i msm 3 j 7j<^tt*f 'J7^§^ iz&tsmsm i * £ 

3 (D^tiMzi mo&mm mmm. 

I 5 3 ^#SS-§rW-i.a*Bg#\ £,f , v y 

tifz'j>-%< t i> i mx'hhmim. 1 tit*JS4 
t i> i mx'$>&m&m 1 ^r^uawtflsov^ 

iifcilwfir < i: k 1 »"C* ^18*^ 2 Lli^Jf 6 ^ 

[ »3<Jf 9 ] 0 v i# 5 0 0 

[ « 1 0 3 ffift** . W-mm 100nm«TOT 

a yjv is >j # * ti is =» a ^ y>\sT)v $.i-x~h& mim. 

4 Lit 9 cov v*«^teaetttf>& Wflffiejfc. 

a \) rmx-h h ii*jb i Kc v * Lit ^ low vf^.*^ 

[ mim 1 3 ] wmjmcommmzm&m 1 $rv* lm 
^ i 2 <7H ^*»tcE«<o L$r# 

»W«JH^W-r4ap|R*W«^CffEL^:«aiR"CW 
[00013 

[»!B<Q*r *fMHi. WC^Nfflc^^-f 



[00023 

w&wmn 3fi¥, ^#f*ms0ss (otls i tis 

#BH»S*iT^4. fl:^ttMRSffa (OTCMPfcEt) 

o-cfco. lshbsis. mzzmw&m 
tiCLmzisi-f&mffliimmnnfc. ^mry^m^ 

4. ^J^.{f*ll#f i F^4 9 4 4 8 3 6^tC 

[0003 3 ifc, Si£(dL S I SKttfigfl:^-*^:* 

JtT-*4. fit, *4>3&»t*»S:JBj&LT**ieaaR 
a«*CMPtJ:>3Sli* LT ««>a*iilitt2: £ . 
tts 09^.(i:tf^ J F2 - 2 7 8 8 2 
[0004 3 ^JRcOC M POHRW^r^JSi. RJ^OW 

«E*fcE-r) *jpi.^««-cw*je8S:isiL, mmm 
[00053 cMPt,zmv^t>tL&&mmmmm±. -hk 

tctiBMkJPJai/BIWsflStt** ^>«r -> X 0 <£»(C1G t T $ 
KfcfcJ:->T&«liHliB*BHfcU -e<OK-ft«*ll*ffi 

lKWIlfcJ:«»l01X0<^»»* t &tf 3 Srv^<o-c. C 

li^mitztih. zcotmiz^xit'j^-i-ju ■ 

■ XI/? hn^^VIJ-JDr-r ^ (Journal of Elect 
rochemical Society) Olg 1 3 8^ 1 1^(1991^ 
?m) O3 4 6 0~3 4 6 4JlfcP|3S$*l"CV^. 

[0 0 06 3 CMPlC±.S,flf®j$jg£lttf>!>:fri£i:LT 
IWb&«»JWPJ«raSlni^-4 - k J&^SSfti: ZtlX . II 
flcBEBEfc: i o T M'J 0 JK fe*ife4fcJMfiflSlij^ia Sr 

^MltJT L X L 4 v v ¥ffl-fl^j**<«=5r^ii Sit 
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< tic m p t i ^swa** 1 ** v ^ k # 

[0007]ic0i3 CittbftB8ftCTJkftai88&ftl 

&jJStoL"C'(fc¥R*tW«MI&JPi*ifct:«J:0, CMP 

mm (CMPjcj:*wtta«) *^±-r-&i:st. cm 

[00083 LfrL**^. tiawSKMiH&£-£fc£« 
fflWafJKSrfflv^T C M Pic J: 4Stf>&*i»WBJftS:fT3 

#&(cji. ( i ) mi^tixiz&KB&cvmTBWkiaft 
^m^mizm-k^tixm^mizmtsm^. (itftm -y>- 

yj/kfB-f ) ( 2 ) Htti5©£**-f 

( * ? 7 -y * ) <r>wt&. < 3 ) mmkommm\,z>B& 
■tz> mmm* w^htz^mnr^xtim^xh 

4ik. ( 4 ) EH* BBH-t O i tfWK fflreftffiftGS leg 
Bt 4 ^ * h T -y T^PHI* 1 * L S . 
[0009]f-(7 ^y^ffi^+Oifl-^CDl&ASrini 

KHM&tfBTA (W/f'J7V-*) A« 
ilffiSf8-83780 ^£$8 (3lS«J 3 iVC V * 4 . 

[ooio] m$.fz\m^&<ny^is>w3mtfL*?-? y 
m^m r t wnamx-am <tch^-y rims?* h . 

*>*f& -3 8M£ft.4£KBKc*fLT 

mt^ U ^ y^WffijSJ^^ WJ-T £ i k £ J: 0 „ 
<7)pH£ P Ka-0. 5J:9*>**<-r6*fe& t *l«$ 
*IT^4. iOftffli. ffJilf»IWB2 8 1 9 1 9 6-Sf- 

[0011]-*. IM<0l8tfvM±»&£**>TJBfc: 

li. Sra^H4'^IHffiHifi&±^y)lc J 'N''JTili:L 

tt»&AS:Srtiitf EttaMJ-UW-Cti . sllll Lfc A U T 
®5-CMP£J;')IX0l^<^* i $)-&o L*»L. dilf. 

+tt%:CMPmmtfnbtl%^iirtf$>i\ fit, M 
*v^iffl^Sr«f*^&*lxet. ^'JTJHMfrfcffi 

[0012] lftft^HtfH£££»MH-&S5 llfifc . A 



ph. fflS&tfJ6Si0W«^)ffliaflit:-PV^. a»*DWSr 
[00 13] 

aLKtf/Jv&v*. BM»w>pHa*3J: | 3/Jv&ir*fc« 

Tmmm&f<?>?y?)v. mitfyf^tmcommmmit 

(Ta/Cu. TaN/Cu) tf/Jv£t*k^3|S]J3d < & 

ofc. ?y?)v. mft?y?>i>tm<7)m^m 

mmg.it (Ta/Cu, TaN/Cu) Sr»KL. ft¥ 

JUbRtfr* yv->-i/*fiM^»rfigt l. fisKitoie^ 

[00 14] 

[RH£»ifc-*-*fc*>tf>#»] *«W4. ( 1 ) ^ 

SHt#L ^ws**-«asi8&tf*fc-MrL. ph#3 

JJlTt'fc 0 . **o^<0BMl^»Kj5f I 0 . 01-31 

i%T-fc 4 &mmmmmx-h & . ( 2 > &jastffiic*re- 
*fiii!!H»fla«j*s^fc:*tt±iE ( 1 ) iztmo&mm 

Wmm* ( 3 ) tK?S14^'J-7S:$ fe(c*tt±g& (1)4 
fc« ( 2 ) KiKtta&JUHBf&HL ( 4 ) ffifi^ $ 

*o±e ( 1 ) $:v*l ( 3 ) t7)v>-rtt*Hcie®^mffl 

Sffiffi. ( 5 ) ^#«-ir^--iMaB?*v v> 

<lfc^< k t> 1 «T-fc-S. JJH < 1 ) *V*L ( 4 ) <DV* 
•f*L*»K:8E»o&l6fflW«KS. ( 6 ) AKOUHiaW 1 . 

( i ) st^l ( 5 ) cD^-ttiMzisMcr&mmmmm. 

( 7 ) ftaR&j&H*. *SHRfl;-&ft».lf-t-<otS. 
< fc t> l«T'fc4±.IS ( 2 ) &i">L ( 6 ) <o^i*fu&»lc 

tmo&mmmmm. ( 8 ) ?K^14^ u . ^ u r ^ 

U ;H? t L < (if Ota . ^ 'J p< * ? U A« t L < 

t'^uea y K>*»4> J fl:ft»*»€>atfWt^< k i> 1 
aT'?)4±ie ( 3 ) Jfir^L ( 7 ) wv^r<i4»fc:lEtt^>& 
JRfflWa?g . ( 9 ) TkiStt* U 7fl||f%»f|4! 5 
0 OULhoM« 3 F*^ : Hb& I 5Wr*^< k t^tLh 
±E ( 3 ) ^v^L ( 8 ) <ov^-f*i*>fc:Ett<%k 
Sffll5f^?S. (10) «E&A*. 1 0 0 n mOT 

tf5 3 o -f U ^ 4 3 n -f ^;ur ;W S -^"C* ft ± 
IS ( 4 ) ^^v^L ( 9 ) <7)V>-rtJ-*Hcie®<0#JlfflW^ 

(in w«s*l4A«»3&«. ^a^^^N'u 

T®T'fcl>±IE < 1 ) $rV>L ( 1 0 ) W^-rtltiHztffi 

<o&mmtn&&. (12) vn'utji*^ ?y?)v^ rn.it 
?y?)V^ ?y?)V£;-£L^ *<rrt&<?>9y?)\'^±X'hh 
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±je ( 1 1 > izim<v&mmmmmx'h&. 
(i3) mm&&<Mftmfiiz±8s, (i)^L(i2) 

[00 15] 

mztovz&mcommk lxh. aunt**. 

**-ffi*RUU £&#BL -3*>BL v^r/UgL 

<ttl «T'£>ft . WJCfcitJiifflgigiii $ 
^K#^Jg^J&3'J£#W-f ft - k tfT* ft . GUtilffM 

jff4U\ *»HJJfcfettftife*fflffi»»U:, 

tt^ >J v^ttt ft-i: #T £ I) . 7km&tf x J~?b LX 

fc— «##4U*. *f6W=ft»tft&KJ8Bf«itti. $ 
fefcAHafc-MrTftifctfTSft. BSSKfcl/ni, i^U 

-TA^Mixft^SK fc t> 1 SAWS L< , 
1 0 0 nmOT»3D>f^i/iJjJfi^3D'f rJOUT 
;l/ 5 -*"C£> 4it U * . #«HJ!(C*iVf vcgfa Sft 

mzm&L*tft>. wmmm^-thmwi^mmmzn 
KLtzwm:'mm%.mtmfii£ttttmz®fri-z. t iz& 
iximmmzmm-tz z t &x>z ft . 
[ooi6] st-fb^s^fii^ji: Lx^mm 

/Ufc«H*>itV^B«B»Klfc (Ta/Cu. TaN/Cu) 
£Jl«-$-ftC:fca*"C&ft. *»Bj<o^i(fflSf«JB[{i, & 

aHK-c&o, pH*t3jaTT*o. fr-omim^mm* 

0. 0 i~3S*%fc:$rft.i: ofcSHWft. £SKc£t 

V*. *J&WCfe»tft&«fl»JS»W>pHMU 3£jg;iT 

«OflB<D^^;Wt-&fll«)CMP3S«36*/h5<?Sr&. pH 
iiK^ilSftatKJ: Offflfi-Tft^^-C'^ft. 7V 



ffifflSfcffluft d fc t,z& K> . p H# 3 J: 9*$ ^ 

wm&m<on±. ttto-hfyf/i'. mt?y?)vtm 

<0*V^»f»3«9Ut (Ta/Cu. TaN/Cu) <05BR 

fcfyffrkmtvti^mmxxit (Ta/cu, t 3 n 
mm-h^x-hh . 

[0017] *»DIfc*5ivcUu aHfcZBMty 

sfr^flaj^^u rm^mm cksbl. pgntdns 

cr>mis\ vzm^i&mfwgizm t x mitmwmjgzmm. 
^^jstr, ftws^i^n. *itt^ijv. us 

[0018] *fKBt=*Jttft*HfflW«JKIi. ^KOK 
fl^Oi&g^'O. 1 5M:%#i£T'^>^^^y^;U 
-&&RT/W.lk ?y*)V*?* <r>9s.<r> /Wk^Hmo c m 
Pi£Jg#®*£5$:.5. mmtiz^tvtiv^vtjv 

Kv^CMPiftK36<»^*t&. HRt=pH*»3iD 
v i*&tcti . «at/»&&K<ox -y f - y /5£Jg*^ 

Sifi&T-th. wM&kvmxtfo. o i n&%*mx'h 

[0019] *%Bfl^±>ttft^Sffl?5fe?Sc7)^jRc7)K-fL 
ma. 7K»tt^»Jv^-^*rft*&-icti. «K*«0. 0 
l~l. 5Mt96"Cfc«k«F4Uv\ *»ft#yvti s 

ft. ?k»tbKuvti, mzm.it? y?>\s*?miti- 
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)i^?mitJ- 9 ym<nm.\m^m<r> cmp 

* (H 2 0 2 ) , ffiBL ifta^fcBMry^A. iRSffl* 

BL ^yy*** 1 ^^ *^>+Tt>aiMk**3&«» 
^*45Srv^RflaPJ3&*a4U^. fit. ;tyy*l4*fij£co 

[0020] 5r#St-tr*-isSg?i: LTti. 3cJB.#iK 
■9-Uf-;H». -^f-yffiL ?>f;H. ifcfcflKRtf* 

fcW*«W)C M P JlJg&l/x -/ f - ^^KSrSWRWtcW 
§TCS * fc ^ 3 ^TIStST-S) & . 
[0021] *SMH<9&KfflBHS»Efc:ii, ftBUBJBjSai 

^assoL-ctnv^. «sa»Bj«»Jtt. aTom^mn 

hyyf-/PT$y, hyxfyUTSy. TDtl/^yT 
5>\ Xfl/yxTiyfh^ii (EDTA) , >-'X 

y. £-r^y. L-2-TSyiSSL L-y;uAy 

y, L-vx'jV. L-tMi^y. L-v^Ha^f L 

y, L-yy-y. ^">yy. L-^yy, l-m^*- 

y % L-7Dh^-y< L-*t-fe!Jy, L-^-ui' 
y, 3, 5-y-'3-K-L-^-uy-y. £-(3, 4- 
S^'b Hn4f^7i— /U) -L-77-y, L— f-O^rv- 

y. 4-t Ka^v-L-7°ni;y, L-yAf-(y, 
L-yf-^-— y. l-x^-v^ L-7yf;f-y, 
L-^-x^f-*— y. L-i^x^-y. L-yxf-jy 
BL L-rxA-^^yl. L-^syfi, s- 
n^^-y^u) -L-^f^y> 4-7syii, 
L-r^-^y, L-^sy^ r-f-tyy. l- 
r;u^fxy, l-^^n'— y. L-yWHjy, s-b 

Ha^fv-L-U^y. ^UTf-y. L-**U-y, 

L-t^fi/'y^ l-^f^-L-tWy^ 3-y 
f-;u-L-hxf-^'y. x;u^^>( y, l-mjt 
h7ry^ 7?fy-7>fi/yCl, T'*$.>. T>tt 

^y~>y i » ry^^y^y i i Ri/ry^u ym 
orsyis; s/f-yy. ?rn-fy (2,2' -t'^y 



yy) . **y*ru4 y (2. 9-->'y^w-i, 10 
-7ity bouy) , >w?u4 y ( 2. 9-^'y 
f-yU-4 , 7-v-*7x— ;u- 1 , 1 o-7ityhoy 
y) RiM-a^yy (bxy-^cKv^yy^-tf-y 
;ut H^yy) m<rn sy; ^yx^f s^y-;u-2- 
f-*- /K h'J7yyyf3i-;k hVTi/yhV^-* 
-;k 2- [2 - (<yy^-Tyy;u) ■^^•7-atr^-y 
bl 2- [2- (^yy^-ryyyu) *-:*y^;H!L 2 
h^y/frv-^) . 1 . 2 , 3 - hj r 
y-/K 1.2. 4-hyry-;K 3-rsy-iH 
-1. 2. 4-hury-/K "cyyh'jry-^K 1 

-b Fa^f y^y/h 'JT/-*. 1 -5"*t b'D^f^ 

otr;Kyyhyry-;u. 2. 3-y*;^y7a 
t^y/h'j7V-/K 4-t h'o^>"<yyhyr 
y-;K 4 -#;i/#=af v-iK - 1 h - ) <yy 1- y tv 

-/K 4-^;U^^K- 1 H-K>Yh «jry-;U 
^f^;n^f;k 4 -tf/Utf^ isM- 1 H-)^yy 
h y Ty-^yf-/WXX7\/K 4 -#;l^r S^K- 1 

H-)<y/h 'jrv-w^f^x^f/P, 5-^ 
yM^/b'jT/-*, [1.2, 3-^yyhyr 
yy;u- 1 -y^-no (l, 2, 4-hyryy^-i 
-y^-;H (2-xf;iA^i//H7$y. MJ/i^f'j 
ry-/K t7bhu tv-;k bxc ( 1 -^yy h 
yryy^u) *x*yif«7y-yi'; 
y. y RTf K 7-' ~r? ym<r> * )Vij y° ? 

^n^f hty. xfuyy'7syfh7SS, l- 
hyybyry. df A ^5yy. hyr^'y^'f-Jt- 

Wh';7V-^ 4-tFn*i/\yVh>J7 

y-;u. 4-nn\,#*ssM- 1 H-xyy hyry- 

;l/7*f/l'XXf;l', h 'J ;u h 'J 7/-/1'. t7bh'J7 
y-;U*^^C M P3lJ£t ffiv>x -y ^-y^JS5:MA-r 

[0022] *^Bjco#MfflW^?Kt(i:. TkiSS^y v 

t/r/^yf^il : / | jyy7yt-^AMi// 
'jxyfb'j^gfws/Bfg ; ^^x^^y 

sKu^u^syifi, ^yy^y. ^yyy^K. x 
*?7V)vwry*i-*7J*m>. x 
yy^^y;H?-7-hy^Atg. #vr$vm. 
-fygf. ^y-f^^yK, jku7^H8» *y (p-^- 
^-i-y^^^y^) . *yr^y;H». sKyr^y/Uft 
ry^E-^Aig, ^yT^y/Hft-^hy^*. ^yr 
^yyursH. rsy^yr^y^rs h\ rt?yr$K 

^'J7SHi7ytx>7i«. ^yrs Htt-J-hy 
ijA.t%Rv : #v try j-^isjummtoxv a 

%<r>i& : X y b— )VT)V-n -)V^ rffy b'^;Pb*u y H y 
5.1^^ U7?nW y ^ b'^;u^^ y A<^(f htl 
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& .' <i u mm-t h mm*¥mfaimmm -svaym 

Xf^tlknT^—^MtiStflS- 4 Lu. 
t 0 0 2 3 ] *«^<OAJRfflSf«»fe:« N BESSrSSJoL 
ttm\ fl£tt£ LTJi, v'J#. TA^S-*-, -fe'JT, 

f-^-r, s^io^t, ^;u-7-r, &ttgs«?>£s« 

ttHKSL sKU^f-W'>, #'J7^'J/k jKUtfi-ftt*— ;U 

f-) tf>«£»tf)iJ«firV^ T^ftS^l 0 0 nmUTF<03 
n-f fjVis V&t fclia o-f ^';ur;u 5 L i 
W&SJi. J* L> 71«M#J: 0 < % 0 * ~ 
BMbS" 'J 3 ^BMBMWJ: O'hS? <Zch20 nmUAT 

[0024] #ffcBJ3£®ffl-f -g>:£Jlfi£: LTte. Mifc 
[0025] ^JR^Bt-ft»"M^<7)ie-^*«i. AJR^K-fk 

JRL ^f*»*w— «sa»av*^>«« 1 0 0 g fc» l 

T. 0. 003-0. 7moli:tl»:i:i!)WSL<. 
0. 03 — 0. SmoltfSCltiUDffiK, 
0. 2—0. 3 mo 1 fr-S^fc^tCifSLV^ .IO 

R£*#. 0 . 0 0 3m o 1 *»t<4, &mcmiktpp 
+-#x~cMPmmtfi&< . 0. 7mo 1 zmt&t. m 

[0026] *f6BHt=J3»t*^#J»**— ffl«K (BHfc 

3T— t&^&lftko&ft 1 0 0g£tt LTO. 0 0 0 0 
1—0. OOSmolktilktfjfiK, 0. 0 0 
0 0 5-0. 0 0 2 5mo 1 ftiZkifiJ: OJff* L 
<. 0. 00 0 5 — 0. 00 1 5moltt4ikA«B 

[0027] *»BB-t<i«iiisgjaaRi*aairt-4c: fc t 

«ISM^fi!t^iE^*(i. Mil 0 0gfc*f 
LTO. 000 1—0. OSmoltn^t^L 
<0< 0003 — 0. OOSmolitiit^iUff 
4L<. 0. 0005-0. 0035molttl.lt 
#Wfc#4 U\ I^IM^O . 0001mol*8» 



0 5mo 1 *«i&i:CMPiaK35(HS<3Sro-CL*affl 

[0028] *»WC«i*«FttjK U v SrSSan-t * i fc fc 
T'# h . 7jt}gtt* >J voffi^JKi , £fii£*f LT 0 . 

ooi—o. 3na.%t-fz>zti]m$.L< o. 003 
-0. ia»xk"rsifc*»«fco»4t<o. 01- 

0. 0 8fi*%fc^4£fc#«Ffc:W4U*. dc^IE^i 
**0 .001 M&%&ffiX'li. X •yf-^^jqilB|fci3V^T 

&wmm\ t cr>wmwmmx-%\ ymnfih 00.3 

nm.% ZMLhkCMP WUMT LT Li o Mitfh 
4. *»H£sK'J voSJH^&fl^JUiS 0 0JiLLfc-t& 
ifc* I ISF*L<. 1 5 OOfiLhfc"r*il:*»J:0#4L 
< 5 0 0 OVXtt^h It«»J U*. tim 

^*>^> 5 0 073J2TPC&6. 11TW1* { 5 0 0* 
»T(±?( v % c M P 3LK«(^ L=5r i MSrtlfc:* & . 

X'li . U ^ftS^i^^ 5 0 0 tLhOS 

[0029] *»^C«BStt&jRlirt4 1 fc t>X'# h . 
5S¥40K-&M(i. ^KitC^LT 0 . 0 1 — 1 0S*% 
ki"4ik3&«»4U<, 0. 0 5*i%-5«fi%t-r 
4Ik3&*J:0«F4Lv^ iwK^»j6*0. 0 111%* 
if»T*iWaS:**t 4 10fi»%SrS^.4 
kCMPtiiWaBSJKtittjfdt, *#U2LtJniiTtflJ 

[0030] *^HJO^^^"}£{i. ffiS5S&<7)ffiJgmJi 
WtHtP^-ti fc fc: J: -3 T«fl5f«K*W«^-ft 

. u *7 u ^ y , ^nmy v if t/wm? 

WiclWBRj&ftSrv^ W**fMcttl|iJIRtt*v^. ^Sg 
<OEHB»KiiS«* t fRl^aSS'SrV^ J: o lc 2 0 0 r p mia 

P«^e^)«> . 8-9 8KP a (10 0 
-1 000gf/cm 2 ) ■C*4ik* t »4L<. CM 

•^ifcttKKi, 9. 8— 4 9KPa ( 1 00 — 50 Og 

mmmx-m*)tix^h zb&v* lu. w»»tsw>* 
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[003 1] 

imsum wt. mmmiz x 9*s6Bji«:jM*wfcBMM- 

(AKffiWBffl^>f«l> KO. 4S*Sfc:*6 9. 8fi 

3 0 **%*?§?£) 3 3. 2MI»S:lniT»fe<X3tt. 

(BTA) rJDi.-S>Jf-&{iBTAO. 2S1& (BBB# 
4) £r BT A l: 



S# : J?§2 00nmCO^>'^yHK^^L^^ , Jr3y^ 



JtfflSrHSEUS. #9f^?S^pH(±Kt>L<(ir> ; E- 
TT«gLTtvfixk2. 5±0. 5<0ttHrt(C$r4 

[0032] mmmi^i oaifJti»wii~2"Cii, a 
(w«fefr) 



Jijf®^'/ h* : ( I C 1 0 0 0 ( nf-il-tti) ) 

Pa ( 250gf/cm ! ) 

KfrtflffiJ^ii: : 1 8m/m i n 

ORMI) 

CMPi&K : jBJROCMPUa-CWiW^SrlBSvffiCtfi 

x-yf-y^aut : fjffiLK&mmmmm. (sa. 25 

°C, JJHf 1 0 0 r p m ) ^>J53ttiM*^)fflJiffltJKSS:« 
-v is*?*. : — BMfc^U n^+tcSRSO. 5jumO 

•y 9MK&#JRbT^*»M&SMcJ:oTStf> 
HftTlKa^JRgPfS 1 0 0 u m , ttlftKSNS 1 0 0 At m 
Jfi««»K:»-r4i!»AllfilS«Ol«JS l 5*S:*«>fc. 



JMMi 4 . 5 ju m . ttttKIMI 0 . 5 v m#Si 

13 . tfe*K3&JLK:> * y T«3&«as Lfc#IR"r»lJfc Lfc 
L . *etMRffl"CA U T fl* 1 * < * 4 4 "C 2 Kfflg Lfc . 

ggt&ffi 1 ~ 1 o&ttttisw i' — 2<ocmp izj: h mmm. 

[0033] 

[*1 ] 



CMPffigjfflK (nm/min) 
iiiMfc** BTA ffifi **tt#!J7 (ffiS3$J£Jt: /Cu) 
«K(wtZ) *§Ug (#^*MW) Ta TaN Cu Si02 

(wt%) (Ta/Cu) (TaN/Cu) 



HS£ 2cA 0.15 0 =SrL 4.1 4.8 10.6 0 

flFiJlSS? (0.39) (0.45) 

MM vyf ;U 3.0 0 4L 1.9 2.5 91.2 
0 

fiRj2 IS (0.02) (0.03) 

HJfe 3cA 0.15 0.2 =5rL ^rL 3.9 4.8 2.9 0 

0IJ3 SBg (1-34) (1.67) 

mm 3c* 3.0 0.2 ^rL =5:L 2.0 2.6 27.6 0 

#J4 #^ (0.07) (0.09) 

HM SJR 0.15 0.2 ao^f* 36.1 54.0 4.5 0.9 
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0IJ5 


mm 






m 




(8.02) (12.00) 






mm 




1.5 


0.2 


mm, 




25.3 45.2 


10.4 


1.3 


me 


mm 






m 




(2.43) (4.35) 






mm 


Sot, 


3.0 


0.2 


my k 




10.6 17.6 


13.0 


1.3 


mi 


mm 






m 




(0.82) (1.35) 






mm 




0.15 


0.2 


mm. 


*m*)tig2A.5 35.2 


5.0 


1.0 


ms 


mm 








(3000) 


(4.90) (7.04) 






mm 




0.3 


0.2 


mm- 


1.3 34.8 


8.1 


1.0 


m9 








m 


(6000) 


(0.16) (4.30) 






mm 




3.0 


0.2 


m? t. 


fUTJlMS 1-1 7.3 


16.5 


1.4 


mio 










(11000) 


(0.07) (0.44) 






it® 




0.15 


0.2 


mm, 




36.5 47.9 


20.5 


0.9 


mi 


m 






m 




(1.78) (2.34) 






it® 




0 


0.2 


r- 




49.2 53.4 


11.6 


3.5 


m2 


m 






7Ht 




(4.24) (4.60) 







[0034] [«2] 



«s mm mm mm mm mm mm mm mm mm mm 
mi mi m3 M4 m5 me mi ms m9 mio 



? <iW 40 75 45 80 45 50 75 35 45 70 
Jt (nm) 

SO*' 20 40 20 35 30 35 45 30 30 45 
S. (nm) 



ms it® it® 

mi mi 



T <rSyf 90 80 
It (nm) 

W 30 200 

Jt (nm) 



[0035] tiMmnz^kLtzjid^mm^t^u 
mT$>2>i'2.Tymz&m~?& mmmnzit^xm<o 
c m p mm ( mmmrn )im<w<v rm/mcomm 
susjttfffi <%h. ttz. it®m 2 tzaz-tx. a tztmm 

xm^&t. mmmeizit^xmvcMPjm. mmm 
m) \t^^-r^jrm/m<mmm^itti^m<Kch 
i>\ >x is>ymi±* < » ^iis i o 2 <7)Wjg^ 

mmm 1 - 1 o ^ l*: j: o ^sss-t-^-tssi!*- 



[0036] 

Bffc^^jUfc^fcv^ffeaLKJfc (Ta/C 
u, TaN/Cu) Sr«BHL<a«tt^)WV^|i«i»y'C^ 
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(51) Int. CI . 7 ^iJie-^- 
HOI L 21/304 6 2 2 



F I 

H 0 1 L 21/304 



f-73-K (##) 



622D 



<72>fMB* SA-& 

F?--M##) 3C058 AA07 AA12 AC04 CB01 CB02 
CB03 CB10 DA12 DA17 
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